Background Excess adiposity is associated with impairments in cognitive functioning, whereas physical activity (PA) and fruit and vegetable consumption (FVC) may be protective against cognitive decline. Therefore, this study investigated the interrelationships between FVC, body mass index (BMI), PA and cognitive functioning in younger and older adults. Results Higher BMIs, lower PA and FVC were associated with poorer cognitive functioning. Additionally, PA statistically mediated the relationship between FVC and cognitive function (Sobel test: t = −3.15; P < 0.002); and higher education levels and daily FVC were associated with better cognitive function (P < 0.001).
Background
Dementia is a clinical syndrome that is characterized by a decline in intelligence, memory, perception 1 as well as in critical thinking, judgment and short-term memory. 2 Nonmodifiable risk factors for dementia include age and genetic susceptibility 3, 4 in addition to modifiable vascular risk factors and the presence of cardiovascular and cerebrovascular diseases. Several protective factors have also been identified: these include attaining a higher education level, high work complexity and having a rich social network. 5 As well, from a primary prevention standpoint, engagement in physical activity (PA) is associated with reduced risk of a range of chronic conditions. 6 For older adults, there is a growing body of evidence that PA may delay the onset of cognitive decline. [7] [8] [9] PA is an important modifiable behavioral factor and is often the focus of health promotion initiatives. More recently, researchers have begun to focus on whether PA could contribute to healthy brain aging and this has prompted calls that it should be investigated as a potential protective factor against cognitive decline. However, overweight and obesity increase the risk of cognitive decline independent of other comorbidities. 10 For example, Cournot et al. 11 found that a higher body mass index (BMI) was associated with lower cognitive scores after adjustment for age, sex, educational level, blood pressure and diabetes. 11 Sabia et al. 12 also found that both underweight and obesity were associated with poorer cognitive function. 12 Although excess weight may have unfavorable effects on cognitive health, healthy behaviors, such as daily fruit and vegetable consumption (FVC), may serve to preserve cognitive integrity. FVC may influence the pathology of dementia in different ways: fruits and vegetables contain high quantities of vitamin-C, vitamin-E, fiber, flavonoids, β-carotenes and other classes of phytochemicals. 13 These compounds exert their action via a host of mechanisms; they modulate detoxifying enzymes, stimulate the immune system, modulate cholesterol synthesis, act as antibacterial, antioxidant or neuroprotective agents.
14 To date, very few studies have investigated the associations between FVC and cognitive decline. [15] [16] [17] Cross-sectional studies in Spain and Korea have shown that older adults with better cognitive performance reported a higher daily FVC than older adults with impaired cognitive performance. 16, 17 For the Korean participants, males and females with poor cognitive function had significantly lower FVC than those individuals with normal cognitive scores on the Mini-Mental State Examination (≥24, P < 0.05). 17 Given existing patterns of inactivity and obesity, there is an increasing need to understand how modifiable risk factors for cognitive impairment may act to oppose or reinforce each other. 18 There is a need to focus attention on strategies to preserve cognitive health. In contrast to the relative wealth of studies of cardio-metabolic outcomes and mortality, less attention has been paid to the relationship between dietary patterns and cognitive outcomes in middle-aged and older people. Therefore, the aim of this study was to investigate the interrelationships between FVC, BMI, PA and cognitive functioning in younger (30-59 years) and older (60-80+ years) Canadian adults as well as to explore the mediating effects of PA on the relationship between FVC and cognitive functioning. It is hypothesized that higher levels of PA and daily FVC will contribute to better cognitive scores. Additionally, younger adults will report better cognitive scores than older adults.
Methods

Sample
The 2012 annual component of the Canadian Community Health Survey (CCHS) was used in this study. It is a crosssectional survey that collects information related to the health status of the Canadian population. Using computerassisted interviews, the CCHS recruits persons aged 12 and over living in private dwellings, representing 98% of the Canadian population. Informed consent was obtained from each respondent by Statistics Canada. The present analysis was limited to respondents 30 years of age and older.
Respondents with answers of 'not stated' or 'refused' for study variables were excluded, leaving a sample of n = 45 522, with complete data for all study variables.
Measures
Total FVC To determine total FVC, participants were asked how many servings of fruits and vegetables they consumed per day (<5, 5-10 and 10+). This variable refers to the number of times per day a person consumed fruits and vegetables and not serving size because most individuals are unaware of what constitutes a serving. The measure assessing FVC was established based on Canada's Food Guide to Healthy Eating which was in use from 1992 to 2007. 19 Physical activity PA was assessed using an adaptation of the Minnesota Leisure Time Physical Activity Questionnaire. 20 Respondents were asked about participation in 21 specified activities, plus up to three additional participant reported activities, indicating participation frequency within the past 3 months and average session duration. Average daily energy expended during leisure time PA was calculated, weighting activities by their metabolic equivalent values, a measure of energy expenditure. Results were expressed in kilocalories per kilogram per day (KKD). A Physical Activity Index (PAI) categorized participants as active (≥3.0 KKD), moderately active (1.5-2.9 KKD) or inactive (<1.5 KKD). The CCHS PAI demonstrates good reliability (r = 0.90) and validity when compared with PA measured by alternative questionnaire-based methods (r = 0.77). 
Cognitive functioning
Cognitive functioning was operationalized as a respondent's score on the Cognition Attribute of Health Related Health Utilities Index (HUI). 23 The HUI is a measure of healthrelated quality of life, which measures the burden of disease on individuals' lives using eight attributes: vision, hearing, speech, ambulation, dexterity, emotion, cognition and pain. The cognitive attribute is one question that asks respondents to rate their cognitive performance. As well, it should be noted that correlations between the attributes in the HUI are very low thus each attribute contributes new information. 24 The cognition attribute of the HUI has six levels of ability/disability, with Level 1 indicating that individuals are able to remember most things, think clearly and solve day-to-day problems and Level 6 indicating that individuals are unable to remember anything at all, and unable to think or solve day-to-day problems. Higher scores on the cognition attribute indicate poorer levels of functioning. The HUI has strong test re-test reliability, validity and internal consistency (Cronbach's α = 0.81), and it is a good discriminator of disease-related quality of life at the population level.
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Covariates Given their previously established relationships with the primary variables examined in these analyses, the following variables were considered as covariates: sex, marital status, education, smoking status, hypertension, diabetes and mood disorder.
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Statistical analysis
Participants were categorized into younger/middle-aged (30-59 years) and older adult (60+ years) groups. The relationships between BMI, PA, FVC and cognitive functioning scores in younger/middle-aged and older Canadian adults were explored. General linear models were used to determine the associations between the variables of interest, after adjusting for covariates. As well, because the effect of education was significant, it was included in the final model. Regression diagnostics were assessed; there were no influential outliers and residuals were normally distributed. Because the interactions between PA, BMI, FVC, cognitive functioning scores and age were significant (P < 0.001), analyses were further stratified by age.
Although the individual effects of the variables of interest are known, the relationships between these variables and their effects on maintaining cognitive health are to date unclear. Therefore, mediation analyses were also performed using the Sobel test in order to further explore these relationships. Statistical analyses were performed using SAS v9.4 (SAS Institute Inc., NC, USA) with statistical significance set at an α of 0.05. To ensure representativeness of the results to the Canadian population, data were weighted using the master weight in SAS survey procedures.
Results
The demographic and health characteristics of the sample are presented in Table 1 . Study participants were on average overweight (younger (population mean (mu) ±SD): µ = 27.09 ± 5.36; older: µ = 27.01 ± 4.85), with~59% of the younger adult population and 62% of the older adult population overweight or obese. Nearly 47% of the younger adults and 53% of the older adults were inactive, whereas only 27% of younger adults and 23% of older adults were active. Approximately 61% of younger adults and 59% of older adults reported a FVC of <5 servings per day; whereas 39% of younger adults and 41% of older adults reported a daily FVC of >5 servings. Finally, 68% of younger adults and 51% of older adults were post-secondary graduates, whereas 32% of younger adults and 49% of older adults had not obtained a post-secondary school education. As presented in Table 2 , individuals who reported higher PA levels reported better cognitive functioning compared to those who were moderately active or inactive (active: µ = 1.58 ± 0.078; moderately active: µ = 1.70 ± 0.085; inactive: µ = 1.86 ± 0.067; P = 0.03). Younger adults reported better cognitive functioning compared to older adults (younger: µ = 1.68 ± 0.060; older: µ = 1.87 ± 0.060; P = 0.03). In regard to BMI, those who were normal weight and overweight reported better cognitive functioning than individuals with obesity. In terms of FVC, participants who consumed 10 or more servings had the best cognitive functioning scores (<5: 1.75 ± 0.058; 5-10: 1.68 ± 0.078 and 10+: 1.46 ± 0.172). As well, individuals with higher levels of education reported better cognitive functioning scores than those with lower levels of education (less than secondary school grad: 2.00 ± 0.097; secondary school grad: 1.84 ± 0.100; some post-secondary: 1.73 ± 0.183 and post-secondary grad: 1.65 ± 0.060). Also, individuals who were married/common-law, non-smokers and were otherwise healthy (i.e. non-diabetic, normotensive and no reported mood disorder) reported better cognitive functioning than individuals who were single/divorced/ widowed, smokers, diabetics, hypertensive and those who reported having a mood disorder.
Individuals who were normal weight or overweight and reported a FVC of >10 servings per day reported better cognitive functioning scores than those who reported <10 servings, as well as those individuals with obesity (Fig. 1a) . As well, both active and inactive individuals who reported a FVC of >10 servings per day had better cognitive scores than those who consumed fewer servings. However, in those who were moderately active, individuals with a daily FVC of <5 or 5-10 servings reported better cognitive functioning than those with a daily FVC of 10 or more servings; this may have resulted because of underestimations of the number of servings of fruits and vegetables actually consumed (Fig. 1b) .
Due to the significant interaction with age, analyses were stratified into younger adults and older adults. 
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Younger adults with a daily FVC of >10 servings generally reported better cognitive functioning scores at every BMI category and PA level than those who consumed fewer servings (Fig. 2) . Furthermore, those who reported consuming 5-10 servings had better cognitive scores than those who consumed <5 servings. Older adults, with a daily FVC of >10 servings, generally reported better cognitive functioning. Finally, overweight and obese older adults with a daily FVC of <5 servings generally reported worse cognitive scores. Higher education levels were associated with better cognitive scores. Findings indicate that individuals with a postsecondary education with a daily FVC of five or more servings reported better cognitive functioning scores; conversely, those individuals who are normal weight/inactive, overweight/ inactive and obese/inactive with a daily FVC of <5 servings reported worse cognitive functioning scores. As well, regardless of PA levels, individuals with higher levels of education who were normal weight and overweight reported better cognitive functioning than adults with obesity (Fig. 3) .
PA was found to statistically mediate the relationship between total daily FVC and cognitive functioning scores (total effect: −0.043, SE = 0.017; direct effect: −0.034, SE = 0.017; indirect effect: −0.009; Sobel test: t = −3.15; P < 0.002; R 2 = 0.02) (Fig. 4) . Higher PA levels and higher daily FVC were associated with better cognitive functioning scores. Conversely, lower PA levels and daily FVC were associated with poorer cognitive scores.
Discussion
Main finding of this study
This study examined the interrelationships between PA, FVC, BMI and cognitive functioning in younger and older Canadian adults. Overall, the prevalence of overweight and inactivity was high among both younger and older adults. As expected, younger adults reported better cognitive functioning scores than older adults. Additionally, analyses revealed that individuals with a higher daily FVC and PA level, who were normal weight or overweight, with higher levels of education reported better cognitive scores.
What is already known on this topic
Currently, it is known that diets which are high in fruits and vegetables are widely recommended due to their healthpromoting properties. FVC has been strongly associated with reduced risk of cardiovascular disease, cancer, diabetes and age-related functional decline. 33, 34 Currently, the association between FVC and cognitive function remains unclear, as very little research exists in this area. [15] [16] [17] As well, although much work has been done to explore the relationship between PA on cognitive function, this relationship has been mainly explored in older adults. [6] [7] [8] [9] To date, very little is known about the interrelationships between PA and FVC and cognitive function, in both younger and older adults.
What this study adds
The results of this study indicate that younger adults with a daily FVC of 10 or more servings reported better cognitive functioning scores at every BMI category irrespective of PA level. In older adults, however, those with a daily FVC of at least five daily servings generally reported better cognitive functioning scores, a relationship that also varied by BMI and PA. Excess adiposity, declining PA levels, as well as nutrition transition (the trend towards increased consumption of a diet high in saturated fat, sugar and low in fiber) among communities are the top risk factors for morbidity and mortality worldwide. 33 Therefore, PA, BMI and FVC are important modifiable factors that can affect the maintenance of the healthy aging phenotype. Successful cognitive aging combines multiple cognitive domains, such as memory and executive functioning; this definition also encompasses the link between cognitive health with functional independence. 35 Thus, increasing FVC and PA levels as well as having a healthy BMI may aid in the delay of cognitive decline.
Results also indicated that higher education levels along with a daily FVC of five or more servings were associated with better cognitive functioning. Education may be assisting in the process of delaying cognitive decline by increasing cognitive reserve, the ability of the human brain to cope with damage by using different brain processes to retain the ability to function well. Cognitive reserve is developed through intellectual stimulation and translates into a higher volume of connections between neurons and stronger rates of cerebral blood flow.
36
In this study, PA was found to be a modest mediator of the relationship between FVC and cognitive functioning. The strength of this finding notwithstanding, it is still worth acknowledging given the multifaceted nature of cognitive decline and the coexistence of multiple risk factors (i.e. behavioral, psychological, environmental and genetic) that may contribute to optimal cognitive function. Thus, even accounting for a small percentage (2%) of the e166 JOURNAL OF PUBLIC HEALTH variance in this relationship may be important. The benefits of PA are well documented in the clinical and public health literature and include reduced risk of many chronic diseases, stress, depression and increased emotional wellbeing, energy level, self-confidence and satisfaction with social activity. 37 Physically inactive people are more likely to be obese, which itself is an important risk factor for many chronic diseases. 38, 39 Therefore, regular PA engagement along with a daily FVC of >5 servings and a healthy BMI may be beneficial to preserving cognitive integrity and delaying cognitive decline. If the onset of dementia can be delayed by 5 years, there would be a reduction in over a million cases after 10 years, and over 4 million cases after 50 years. 9 Thus, identifying potential strategies for the maintenance of cognitive health has considerable public health benefit.
Limitations of this study
This investigation was aimed at elucidating the interrelationships between PA, BMI, FVC and cognitive functioning in Canadian adults. There are several strengths and limitations to this analysis. The strengths of this study include studying both younger and older adults, the use of a nationally representative Canadian data set, as well as adjustment for known confounding variables. 40, 41 Nonetheless, because the CCHS is a cross-sectional study, no causal effects can be inferred. As well, using the cognitive attribute of the HUI to measure cognitive function might be more representative of 'perceived' cognitive function. Additionally, FVC could not be assessed in the context of total diet because the information related to energy intake and other food groups was unavailable. Finally, reliance on self-reported PA, FVC and BMI may have resulted in an underestimation of BMI and overestimation of PA and FVC.
Conclusion
Aging is described as a continuous process that includes loss of functional capability as well as the increase in risk of morbidity and mortality. 42 Although aging is a risk factor for chronic diseases, it is not necessarily defined by the presence of morbidities but is instead a process that starts early in life, which is modulated by the accumulation of experiences and exposures throughout the life course. 43 Alongside increases in life expectancy, the years lived with disabilities and diseases are increasing, 44 and the prevalence of cognitive decline is expected to rise dramatically in the upcoming decades, predominantly due to demographic changes and increasing longevity. Therefore, identifying effective ways to delay the onset of cognitive decline is of great importance. 45 Thus, regular PA engagement, along with a higher daily FVC, and a BMI in the normal weight or overweight range may be useful means for the preservation of cognitive function. Factors related to cognitive decline are complex, and may occur due to malfunctions that may occur via many different pathways including inactive lifestyle, obesity, diet or some combination of all of the above; therefore, variables cannot be studied in isolation and more integrated models of health are needed.
